Introduction
Small power self-excited single-phase induction generators (SPSEIGs), driven by wind turbine may be employed as an extra source of electrical energy at household. The self-excited induction generators compare favourably with synchronous, permanent magnet or DC generators as regards simplicity, durability, and low costs of manufacturing and maintenance. Theirs main disadvantages are unpredictable residual magnetism and weak voltage self-regulation [1, 2, 5, 7] . Field-circuit models of the induction generators can be found in recent papers [3, 4, 6] . No-load and load characteristics of the SPSEIGs may be inherently improved by a proper change of the magnetic circuit, windings and capacitor topology used in stator windings. The voltage regulation can also be improved with use of power electronics-based scheme [2] .
The improvement of performance characteristics of the base model of induction generator (N A =528, d=0.45mm, C ex =30μF, C sh =15μF, C se =200μF) constructed on the base of single-phase induction motor (Tab. 1) has been presented for two capacitor topology in the load stator winding (Fig. 2) .
Field-circuit model of the generator
The single-phase capacitor induction motor of 1.1kW, 230V employed for stand-alone generating operation has 4 poles and 30 skewed rotor bars. The ratings of the tested machine are listed in Table 1 . Due to geometrical symmetry and electromagnetic periodicity, two-dimensional magnetic field computation of the generator was reduced to one pole pitch of the crosssection shown in Fig. 1 . The finite element mesh of the generator comprises 25752 nodes forming 11244 secondorder triangular and quadrangular elements. The time step for the FEM computation was 0.4 s. The developed model of the generator accounted for nonlinear magnetizing characteristic of the magnetic core and skin-effect in the rotor bars [3, 8] . obtain voltages and currents induced in the stator and rotor. Having the variables A and J computed, the other quantities of electromagnetic field as magnetic flux, magnetic induction (flux density), etc. may be determined taking into account the magnetization characteristic of iron sheets of magnetic core of the generator.
Performance characteristics
Steady-state performance characteristics of the SPSEIG were computed for two topology of the load stator winging: with parallel connected capacitor to the terminals (the shunt capacitor C sh ) and short-shunt connection (the shunt capacitor C sh and series capacitor C se ), as shown in Fig. 2 
Voltages and currents of the stator windings at no-load, the current density (J A ), the stator slot fill factor (k Q ) of the excitation winding and the turns ratio of stator windings (a) of the tested generator are listed in Table 2 . It should be noted that for no-load operation of the generator there is flow of the current through the shunt capacitor C sh parallel connected to the load stator winding. 
Validation of the simulation method
For experimental validation of the field-circuit model used for performance simulation of the single-phase selfexcited induction generator, operating characteristics of the base model were measured using the test setup described in [3] . Load characteristics of the generator with shunt capacitor in the main stator winding presented in Figs. 7, 8 show that the generator operates stably for resistive load up to the about 50% of the machine rated power. Load range of the SPSEIG may be extended by applying the short-shunt capacitor topology, e.g. the capacitor 200 μF connected in series with the main stator winding and then the generator may be loaded up to the rated power when load is purely resistive (Figs. 9, 10 ). It should be noticed very good agreement of the simulation characteristics with experimental ones in the range of stable operation of the generator.
Conclusions
The calculation of performance characteristics of the single-phase self-excited induction generator were carried out by applying the 2D field-circuit modeling. To expand output power of the generator up to the nominal power of the machine, the short-shunt capacitors should be employed. The decrease of number of turns of the excitation winding causes profitable reduction of voltage magnitude in the auxiliary stator winding. The increase in size of wires of the excitation winding, brings about decrease of current density and working temperature of the excitation winding.
